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Abstract: Monthly samples from commercial catches obtained with purse seiners operating in the Croatian fishing grounds (eastern
Adriatic Sea) were collected throughout 2013, excluding January and December due to a fishing ban. Overall, 1010 sardine individuals
were analyzed. Total body length ranged from 10.4 to 17.6 cm (mean ± SD: 13.9 ± 1.28 cm). Slightly larger individuals were caught
during autumn at the beginning of the spawning season. Analysis of length–mass relationship showed that sardine specimens grow
isometrically (b = 3.063). Seasonal oscillations of condition factor indicated that the examined specimens were in the best condition at
the beginning of the spawning cycle. The analysis of stomach contents indicated that sardines preferred animal food (calanoid copepods,
Oncaea spp., Farranula rostrata), although a plant component was also present (Bacillariophyceae). Seasonality was also observed in diet
analysis, with diet changing in terms of feeding activity and prey quantity. The observed seasonal alternations of allometric condition
factor and fullness index additionally confirmed that sardines were in the best condition at the beginning of the spawning season, for
which they prepared themselves by higher feeding intensity, leading to higher storage of consumed energy.
Key words: Small pelagics, feeding habits, reproduction, Adriatic, Mediterranean

1. Introduction
Sardine Sardina pilchardus (Walbaum, 1792) is an epipelagic
and neritic marine species widely distributed in the
northeastern Atlantic areas from the North Sea to Senegal,
as well as in the Mediterranean, including its adjacent seas.
In the Adriatic Sea, sardine is more densely distributed
along the eastern coast (Sinovčić et al., 1991). It is a fastgrowing migratory small pelagic clupeid, with a relatively
short lifespan (Whitehead et al., 1988), protracted spawning
season, and early maturation (Sinovčić et al., 2008). Sardine
is a batch spawner with indeterminate fecundity (Blaxter
and Hunter, 1982; Ganias et al., 2003). According to the
existing sardine diet-related information, it is evident that
sardine feeding preferences or mode (filter or particulate
feeding) largely depend on the environmental conditions of
the region from which it originated (Garrido et al., 2007,
2008; Costalago et al., 2015). Nevertheless, omnivory in
the sardine is well documented worldwide (Navarro, 1952;
Cunha et al., 2005). A few studies dealing with the feeding
ecology of the sardine in the Adriatic Sea determined
copepods and decapod larvae as its most desirable prey
items (Tirelli et al., 2006; Zorica et al., 2016). Interannual
fluctuations in Adriatic sardine population biomass and
recruitment have been observed (Vilibić et al., 2016). Sardine
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traditionally represents an important commercial resource
in the Adriatic Sea, especially in Croatian waters, where it is
mainly targeted by purse seine fisheries. Nowadays, sardine
catches represent around 53.2% (2008–2011) of all the fish
landed along the Croatian coast; in 2013, sardine catches
were 50,629 t (https://www.dzs.hr/default_e.htm).
Despite the long-term biological investigations of
the Adriatic Sea in general and research studies targeting
sardine as an ecologically and economically important fish
species, a comprehensive study aiming to reveal possible
interactions between spawning and somatic growth, changes
in condition, and diet composition during an annual
cycle is still warranted, as it might explain the observed
oscillations in the sardine’s biomass. Hence, the aim of the
present study is to determine seasonal interactions and
patterns of biological indicators such as gonadosomatic
value, allometric growth parameter, and condition factor
and the diet composition of sardine over an annual cycle,
thus expanding the knowledge on the ecology of the sardine
in the Adriatic Sea.
2. Materials and methods
Sardine specimens were collected monthly in the eastern
part of the Adriatic Sea within the Croatian fishing
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grounds (Figure 1) during 2013. No specimens were collected
in January or December when the official fishing ban for purse
seine fisheries was in force. Fish were caught with purse seines
(mesh size of 10 mm) on commercial fishing vessels operating
during the night under artificial light. All fish specimens were
collected immediately after landing on board. A randomly
sorted sample (approximately 8 kg, or 1 box) of sardines was
taken and chilled until further laboratory analysis, while an
additional 30 randomly selected specimens were sorted out
and preserved in 10% buffered formalin for stomach content
analysis.
In the laboratory, each individual was measured (TL, cm)
to the nearest 1 mm and weighed (total body mass W, g) to a
precision of 0.01 g. The sex of the specimens was determined
macroscopically, and the overall sex ratio (m/f) and sex
ratio by month were determined. Spawning seasonality was
observed by monthly changes in gonad mass (Wg ± 0.01 g)
and the gonadosomatic index (GSI). Values of gonadosomatic
index were calculated by expressing the monthly gonad mass
as a proportion of the total body mass (GSI = 100Wg / W,
where W is the total body mass and Wg is the gonad mass).
The length–mass relationship was determined according to
the logarithmic form of the original exponential equation

log W = log a + blog TL, where W = total fish mass in g, TL
= total length in cm, a = proportionality constant, and b =
allometric coefficient. The hypothesis of isometric growth was
tested using a one-sample t-test (P < 0.05). Monthly values
of allometric condition factor (Ka) corresponding to wellbeing or fitness of fish populations (Booth and Keast, 1986;
Bolger and Connolly, 1989) were estimated with the formula
(Bagenal and Tesch, 1978), where W is the total
body mass, TL is the total length, and b is the monthly value
of the allometric growth parameter.
In sardine specimens intended for diet analysis, the
stomachs were removed and weighed to an accuracy of
0.01 g before and after the careful extraction of prey items
(total mass of intact stomach: Wsf, g; empty stomach: Wse,
g). Prey items were identified under a binocular microscope
(magnification 40×) to the taxonomic level of class or family.
Individuals of each identified taxon were counted. Items not
resembling natural prey, like microplastics, were not covered
by this study.
To assess the diet composition of sardines by season, the
following indices were calculated:

Figure 1. Study area, eastern Adriatic Sea with marked Croatian fishing ground (dark
gray) where the samples from the commercial purse seiners were taken during 2013
(February–November 2013).
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The fullness index (%Jr) (Hureau, 1970): % Jr = (Wp /
W) × 100,
where Wp is the mass of prey items calculated as the
difference between the mass of an intact stomach and an
empty stomach (Wsf – Wse); W is total body mass.
The vacuity index (%V) was calculated as: % V = E / N
× 100,
where E is the number of empty stomachs and N is the total
number of stomachs analyzed.
The frequency of occurrence (%F) (Hureau, 1970) was
calculated as: % F = n / N × 100,
where n is the number of stomachs containing a certain prey
and N is the total number of analyzed stomachs containing
any kind of prey.
The abundance (%N) (Berg, 1979) was calculated as % N
= np / Np × 100,
where np is the number of prey items in a given taxon and
Np is the number of all prey items.
Data on the stomach contents were log(x + 1)-transformed
and a Bray–Curtis similarity matrix was constructed using the
PRIMER software package (Plymouth Marine Laboratories,
UK; Clarke, 1993; Clarke and Warwick, 1994). A one-way
ANOSIM test was applied to explore seasonal differences in
diet composition (Clarke and Warwick, 1994).
3. Results
3.1. Length structure
Total body length and mass of all observed sardine specimens
(N = 1010) varied from 10.4 to 17.6 cm (mean ± SD: 13.9

± 1.28 cm) and between 7.81 and 45.04 g (mean ± SD:
21.74 ± 6.375 g), respectively. Monthly variations of mean
total sardine length are shown in Figure 2. The lowest
mean monthly values of observed total body length were
recorded in July (mean ± SD: 13.1 ± 0.78 cm), whereas
the highest ones were in September (mean ± SD: 15.1 ±
0.76 cm).
3.2. Sex ratio and spawning season
A total of 325 male (mean ± SD: 13.6 ± 1.18 cm) and 437
female (mean ± SD: 14.3 ± 1.25 cm) sardine specimens
were analyzed. The overall sex ratio (m/f = 0.744)
significantly deviated from the hypothetical distribution
of 1:1 (χ2 = 16.46, df = 1, P < 0.05), indicating that the
sample was female biased.
Seasonal alternations in mean monthly gonadosomatic
indices and values of gonad mass are shown in Figure 3.
Both values (GSI, Wg) showed the same trend: namely, a
slight increase of both values appeared in October (GSI
= 1.086, Wg = 0.29 g), after very low values during the
May–September period, peaking in November (GSI =
3.241, Wg = 0.80 g) and remaining at those high values
until April. After April, GSI and Wg declined sharply.
3.3. Length–mass relationship and condition
Overall, analysis of sardine length–mass relationship
pointed out that the growth in mass for this species is
isometric (W = 0.0067TL3.063, r2 = 0.906), as the value of
parameter b did not statistically differ from 3 (one-sample

Figure 2. Monthly oscillation of the mean sardine length (TL, cm) collected by commercial
purse seiners during 2013 (February–November 2013) on Croatian fishing grounds.
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Figure 3. Alternations of the mean monthly gonadosomatic index (GSI) and values of gonad masses
(Wg, g) in sardines collected by commercial purse seiners during 2013 (February–November 2013)
on Croatian fishing grounds.

t-test, P > 0.05); therefore, the hypothesis of isometric
growth for this species was accepted. Monthly mean values
of parameter b showed slight variation over the investigated
period (2.613 [February] < b < 3.338 [November]), while
its seasonal oscillations are shown in Figure 4.
The allometric condition index (Ka) values obtained by
month ranged from 0.619 (February) to 0.733 (August),
with a mean value of 0.681 ± 0.036. Seasonal alternation of
the allometric condition factor is shown in Figure 4.
3.4. Diet
Out of 289 sardine specimens examined for stomach
content analysis, which did not include analysis of possible
ingestion of microplastics, 267 (92.4%) had food in their
stomachs. The analysis of stomach contents indicated that
the sardines consumed mostly animal food, although a
plant component was also present. The fullness index
varied from 0.04% (TL = 15.2 cm, W = 24.30 g) to 2.75%
(TL = 14.3 cm, W = 19.99 g). Over the seasons, the
percentage of empty stomachs or the vacuity index (%V)
was highest in autumn (%V = 21.67%) and lowest in spring
(%V = 0.0%). Feeding activity also varied over the year, as
could be observed by the seasonal fluctuations of fullness
index (%Jr) displayed in Figure 4.
In the sardine stomachs, a total of 14,484 prey items
belonging to 42 taxonomic groups were identified; their
abundance and frequency of occurrence are reported in

Table 1. Accordingly, calanoid copepods (comprising
miscellaneous calanoid taxa, but mostly contributed
by genera Calanus, Acartia, and Temora), and small
noncalanoid copepods such as Oncaea spp. and Farranula
rostrata were consistently the most frequent prey items
in the sardine diet, followed by the phytoplankton group
Bacillariophyceae (diatoms) and Bivalvia larvae (Table 1).
In terms of seasonal diet composition (Table 1),
calanoid copepods were the most frequent and most
abundant prey items in sardine stomachs throughout the
year, except in winter, when the abundance of diatoms
prevailed. Nevertheless, some seasonality in sardine diet
was observed: statistical analysis highlighted that the prey
composition differed significantly (ANOSIM, Global r =
0.157; α = 0.001; P < 0.05) throughout the year, and that
the most pronounced difference in diet composition was
observed between winter and autumn (Table 2). Although
calanoid copepods were the most abundant prey in both
seasons, the second prey category distinguished between
diatoms in winter and Oncaea spp. and fish scales in
autumn (Table 1). The ANOSIM test showed the only
nonsignificant comparison between the spring and
summer periods (Table 2), when copepods were the most
frequent and abundant prey group (Table 1). Additionally,
three gastrointestinal parasites (Parahemiurus merus,
Hysterothylacium aduncum, and Anisakis sp.) were
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Figure 4. Seasonal oscillations (winter: December to February; spring: March to May; summer: June to September;
autumn: October to November) of allometric coefficient (b), condition index (Ka), and fullness index (%Jr) of sardines
collected by commercial purse seiners during 2013 (February–November 2013) on Croatian fishing grounds.

recorded during the stomach content analysis within the
whole period of investigation.
4. Discussion
Sardine is one of the most exploited and investigated
small pelagic fish species globally. In the present study,
we analyzed a total of 1010 sardine specimens caught
with commercial purse seiners in the eastern Adriatic
(Croatian fishing grounds) during 2013 to describe the
annual pattern of the main biological parameters, which
will provide important information concerning the
fish community structure and population dynamics for
responsible and effective management.
The length range of sardine specimens in the present
study was in accordance with the previous studies (Sinovčić
et al., 2008; Mustać and Sinovčić, 2009; Zorica et al., 2016)
dealing with the same species collected with the same
fishing gear in the same area of the Adriatic, excluding
the studies done within the nursery area. The observed
scarcity of small sardine specimens in these investigations
is expected, as the minimal length size legally defined by
Croatian fishery law (NN 46/97) is in accordance with the
requirements of Council Regulations No. 1967/2006.

896

Mean monthly values of sardine total body length
indicated that the largest specimens were caught by the
end of the summer and/or beginning of the autumn
(September–October), as expected. Sardines at that time
start their second inshore migration, which coincides with
the initial phases of sexual maturation (Mužinić, 1973;
Regner et al., 1987, 1988; Tičina et al., 2000).
Overall sex ratio differed significantly from the
equilibrium sex ratio of 1:1 in favor of females. From an
ecological point of view, a predominance of females is
more advantageous, as the number of matured females and
their capacity to produce viable eggs and larvae (Murua et
al., 2003) determines the reproductive potential of a fish
species. A predominance of females among adult sardines
was also reported by Sinovčić et al. (2008) for the same
population.
According to monthly fluctuations of gonad mass
and GSI values, which showed similar patterns, sardine
spawning season in the Adriatic appears to last almost 6
months (from early autumn to early spring), with a peak
in November. The information on spawning season is
generally in accordance with earlier data published for
this population (e.g., Morello and Arneri, 2009). Slight
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Table 1. Frequency of occurrence (%F) and abundance (%N) of prey items found in the stomachs of sardine collected in the eastern
Adriatic Sea during different seasons and over the entire investigated period (February–November 2013).
Total
Prey items
CHROMISTA
Bacillariophyceae
Dinophyceae
Coccolithophoridae
CILIOPHORA
Tintinnida
BRYOZOA
CNIDARIA
ARTHROPODA
Ostracoda
Branchiopoda
Copepoda, Calanoida
Temora spp.

Winter

Spring

Summer

Autumn

%F

%N

%F

%N

%F

%N

%F

%N

%F

%N

29.76
23.18
1.38

8.82
3.02
0.06

55.93
64.41
1.69

29.88
10.11
0.06

8
30
6

0.26
2.65
0.2

32.5
0.83
0

3.48
0.02
0

0
1.67
0

0
0.13
0

1.73
3.81
5.88

0.07
0.15
0.28

6.78
0
16.95

0.23
0
1.03

0
16
0

0
0.53
0

0.83
0
0.83

0.03
0
0.03

0
5
1.67

0
0.39
0.13

0.35
18.69
79.58
15.92

0.01
1.89
30.72
1.38

0
30.51
67.8
25.42

0
3.03
17.82
1.94

0
42
96
36

0
4.5
46.7
3.44

0.83
3.33
75
0

0.03
0.16
28.97
0

0
16.67
65
13.33

0
1.41
35.93
1.8

Total
Prey items
Acartia spp.
Copepoda, Cyclopoida
Oncaea spp.
Corycaeus spp.
Farranula rostrata
Copepoda Harpacticoida
Undetermined Copepoda
Amphipoda
Mysida
Euphausiacea
Decapoda

%F
3.46
0.35
42.56
0.35
31.49
1.38
3.81
1.04
1.38
0
5.19

Winter
%N
0.37
0.03
5.5
0.01
3.29
0.08
0.32
0.06
0.1
0.01
0.31

Total
Prey items
TUNICATA
Appendicularia
Thaliacea
CHORDATA
Branchiostoma sp.
MISCELLANEOUS
DEVELOPMENT STAGES
Bivalvia larvae
Gastropoda larvae
Polychaeta larvae
Echinodermata larvae
Cirripedia larvae
Copepod eggs

%F
10.17
0
35.59
0
55.93
0
6.78
0
1.69
0
1.69

Spring
%N
0.57
0
4.06
0
8.4
0
0.29
0
0.06
0
0.09

Winter

%F
8
2
46
2
42
8
12
4
2
0
6

Summer
%N
1.13
0.13
5.03
0.07
3.11
0.4
1.13
0.13
0.26
0
0.33

Spring

%F
0
0
34.17
0
10
0
0
0.83
3.33
0.83
7.5

Autumn
%N
0
0
4.18
0
0.62
0
0
0.06
0.08
0.02
0.47

Summer

%F
0
0
56.67
0
21.67
0
1.67
0
0
0
1.67

%N
0
0
15.1
0
3.08
0
0.13
0
0
0
0.13

Autumn

%F

%N

%F

%N

%F

%N

%F

%N

%F

%N

4.15
0.35

0.33
0.01

20.34
0

1.37
0

0
0

0
0

0
0.83

0
0.03

0
0

0
0

0.35

0.03

0

0

2

0.13

0

0

0

0

29.07
19.03
15.92
9
3.11
7.61

6.49
1.13
0.69
0.39
0.14
0.52

54.24
35.59
13.56
10.17
11.86
3.39

6.06
2.74
0.74
0.4
0.46
0.34

20
26
16
20
4
22

1.52
0.99
0.66
0.73
0.13
1.66

25.83
10
11.67
1.67
0
0.83

10.52
0.55
0.44
0.06
0
0.03

6.67
1.67
21.67
13.33
0
8.33

0.51
0.13
1.67
1.03
0
0.77
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Table 1. (Continued).
Total
Prey items

%F

Winter
%N

%F

Spring
%N

%F

Summer
%N

%F

Autumn
%N

%F

%N

Copepod nauplii

1.04

0.07

1.69

0.06

4

0.26

0

0

0

0

Decapoda larvae

16.96

19.95

1.69

0.06

30

3.57

35.83

43.18

10

0.84

Fish eggs

25.61

2.22

10.17

0.69

30

2.38

37.5

3.01

13.33

2.06

Fish larvae

2.42

0.07

8.47

0.29

0

0

0

0

0

0

Pollen grains

5.54

0.32

0

0

26

1.32

0

0

5

0.39

Macroalgae fragments

8.65

0.39

0

0.06

28

1.06

6.67

0.28

3.33

0.26

Fish scales

28.37

2.49

28.81

1.94

24

1.99

12.5

0.5

53.33

12.85

OTHER

deviations were noticed regarding the beginning or peak
of the spawning, which could depend on food accessibility,
as well as on abiotic factors (temperature and salinity)
(Westernhagen, 1974).
The allometric coefficient indicates that sardine
individuals gain equally in length and mass over their
life span (b = 3.063). Reviewing the literature reports
on the Adriatic sardine, we found that the values of the
mentioned parameter varied from b = 2.757 (Alegría
Hernández, 1983) to b = 3.657 (Sinovčić et al., 2008).
The value determined in our study fits within this range,
while the observed oscillations were probably due to
different times of sampling (monthly variations were also
recorded in this study—lowest in February and highest in
November), sampling strategy, degree of stomach fullness,
gonad maturity, sex, size range, health and general fish
condition, and preservation techniques (Tesch, 1971).
Monthly fluctuation of the allometric parameter (b)
resulted in the oscillations of allometric condition factor
over the investigated period, as expected.

Table 2. Results of the one-way ANOSIM test of seasonal
differences in sardine diet during the investigated period
(February–November 2013).

Season

Sardine
R

P

Winter versus spring

0.408

0.001

Winter versus summer

0.195

0.001

Winter versus autumn

0.415

0.001

Spring versus summer

–0.005

0.522

Spring versus autumn

0.083

0.002

Summer versus autumn

0.123

0.001
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Analyses of diet related to size or sex were not done,
since according to Zorica et al. (2016), no significant sizeor sex-related diet shifts in sardines inhabiting the Adriatic
were observed. The overall stomach content analysis
indicated that sardine is an omnivorous planktivore that
fed mostly on animal food, most commonly on copepod
crustaceans. Those findings were in line with the available
recent studies concerning the feeding preferences of
sardines in the Adriatic (Tirelli et al., 2006; Zorica et al.,
2016), the Mediterranean (Demirhindi, 1961; Server
et al., 2005; Costalago and Palomera, 2014; Brosset et
al., 2016), and the Atlantic Ocean (Garrido et al., 2008).
However, one should take into account that descriptions
of the trophic ecology of each population must be studied
independently, due to intraspecific variability of the
feeding apparatus and diet composition observed among
populations living in contrasting environments (Costalago
et al., 2015; Rumolo, 2016).
During the course of the year, stomach content
analysis suggested that diet composition of sardines varied
seasonally in quantitative, and to a lesser extent qualitative,
terms. Copepods were the most abundant prey item
throughout the seasons, except in winter, when abundances
of diatoms slightly prevailed in the gut content. The same
seasonal pattern in sardine diet was also observed by Sever
et al. (2005), Nikolioudakis et al. (2012), and Costalago
and Palomera (2014) in the Mediterranean area. However,
sardine caught in the Atlantic waters along the Portuguese
coast showed a reversed dietary pattern, although generally
sardines fed on the same prey items (Garrido et al., 2008).
Nevertheless, this pattern was linked to the fact that the
investigated area in the study by Garrido et al. (2008) was
described as an upwelling area, where diatom blooms
occur in the opposite part of the year (spring–summer
season). Hence, the winter increase of diatom prey in this
study is in accordance with the phytoplankton annual
cycle in the Adriatic Sea, characterized by pronounced
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diatom blooms in the winter period (Ninčević Gladan et
al., 2009), thus suggesting that sardine’s filter-feeding on
phytoplankton cells became more frequent in times of
high diatom availability in the water column. The presence
of all three gastrointestinal parasites within the sardine
stomachs was already reported by Zorica et al. (2016).
Reviewing the seasonal diet pattern in the context of
the analyzed biological parameters, it was evident that
at the very beginning of spawning (autumn), as well as
throughout the whole reproductive period (end of the
winter), the vacuity index reached its highest value (%V =
21.67) and the fullness index its lowest values (0.316 < %Jr
< 0.373). This is an indication that feeding may have ceased
due to fully developed gonads occupying a larger part
of the body cavity. Additionally, increased values of the
fullness index during spring and summer (%Jr = 0.76) and
consumption of higher energy-content prey such as fish
eggs, cladocerans, and decapod larvae suggest that sardine
was in need of higher energy inputs in that period in order
to meet the upcoming reproduction requirements (Froese
and Pauly, 2000). The observed seasonal alternations of

allometric condition factor and fullness index additionally
confirmed that sardines were in the best condition at
the beginning of the spawning season, for which they
prepared themselves by higher feeding intensity, leading to
higher storage of consumed energy. However, this should
be further investigated, as in upwelling areas (Garrido et
al., 2008) diet seasonality might be linked not only to the
reproduction cycle but also to some other environmental
conditions.
Finally, taking into account the fact that the sardine’s
feeding strategy and diet consumption is determined by
environmental factors of its habitat, as stated before, future
investigations should aim to describe its feeding habits in
the context of oceanographic parameters.
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